Background During the last 35 years, the medial approach has been reported more frequently than the anterior approach for open reduction of developmental dislocation of the hip (DDH), however, few studies have followed children treated by medial open reduction to adulthood. Questions/purposes The purposes of our study were: (1) to assess the development of 71 completely dislocated hips after medial open reduction, the incidence of additional surgery and avascular necrosis during the followup period, and the long-term radiographic and functional results; and (2) to compare our results with those obtained by others who performed open reduction either by the medial or anterior approach. Patients and Methods We retrospectively evaluated, after the end of growth, 71 hips in 52 patients who underwent open reduction by the medial approach. The mean age of the patients was 16 months (range, 3-36 months). After surgery, the hips were immobilized in 100°flexion, 60°a bduction, and neutral rotation for an average of 6 months. All patients had staged clinical and radiographic followups until skeletal maturity. The length of followup averaged 22 years (range, 13-32 years). Results In all the surgically treated hips, the acetabular index normalized by the end of growth, the incidence of avascular necrosis was 18%, and additional surgery was required in 15% of our cases. At the last followup, 93% of the hips were classified as Severin Classes I or II and 7% as Class III; 76% of the hips had an excellent result, 17% had a good result, and 7% had a fair result according to the McKay scale as modified by Barrett and colleagues. Conclusions Open reduction of DDH through a medial approach provided good long-term radiographic and functional results in patients 3 to 36 months old and it was the only surgery performed in 85% of our cases. Future comparative studies are needed to confirm our results, especially in older children. Level of evidence Level IV, therapeutic study.
Introduction
The incidence of complete dislocation of the hip as the final step of developmental dysplasia of the hip (DDH) has decreased attributable mostly to early diagnosis and treatment [8, 15, 19, 28, 29, 55, 87] ; however, cases of complete dislocation, requiring open reduction still occur.
Open reduction for treatment of a complete dislocation of the hip may be performed either by an anterior or medial approach. During the last 36 years, the anterior approach has been reported less frequently [1, 10, 17, 18, 20, 23, 25, 30, 31, 47, 58, 70, 71, 73, 79, 80] than the medial approach [4, 6, 7, 11, 16, 21, 22, 33, 36, 37, 39, 40, 46, 48-50, 52-54, 60, 69, 77, 78, 85, 88] , especially in younger children.
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Independently of the approach, various complications have been reported and in some of the previously cited series, the incidence of complications is high.
It is known that the final result of DDH after open reduction can be evaluated only when musculoskeletal growth is completed [81] , but to our knowledge, there is a paucity of studies including skeletally mature patients [5, 18, 30, 33, 39, 52, 71, [78] [79] [80] .
The purposes of our study were: (1) to assess the development of completely dislocated hips after medial open reduction, the incidence of additional surgery and avascular necrosis during the followup period, and the long-term radiographic and functional results; and (2) to compare our results with those obtained by others who used either medial or anterior open reduction.
Patients and Methods
From January 1980 to December 2000, a total of 512 children ranging in age from 2 months to 7 years (mean age, 11 months) underwent treatment for DDH at our institution. Treatment included either bracing, plaster casting, or surgery depending on the evolutive stage of the DDH and its severity. Whenever open reduction of a hip dislocation was required, we used a medial approach in children up to 36 months old and an anterior approach in older children. One-hundred-sixty-nine consecutive patients (234 hips) who had unreducible complete hip dislocation were treated by or under the direct supervision of the four authors in accordance with the directions of the senior author (EI). All patients who had started any treatment elsewhere, including prior bracing or use of a Pavlik harness, and patients with teratologic, neuromuscular, or syndromic dislocation, were not included in our study.
Since 1980, the protocol at our institution for managing unreducible, complete developmental hip dislocation consisted of traction in bed for 4 weeks; attempt at closed reduction with gentle maneuvers using general anesthesia; and whenever closed reduction was not achieved or there was concern that it could be unstable in 100°flexion, 60°a bduction, and neutral rotation, an open reduction was performed at the same time.
Of 169 patients with unreducible hip dislocations, 82 patients (112 hips) had successful closed reduction under general anesthesia. Closed reduction was considered safe when the hip was stable at 100°flexion, 60°abduction, and in neutral rotation [45] . Arthrography was not performed routinely in hips that had closed reduction. The patients ranged from 3 to 21 months old (mean age, 9 months).
Eighty-seven patients (122 hips) in whom closed reduction either was not achieved or was thought to be unstable in 100°flexion, 60°abduction, and neutral rotation had open reduction through a medial approach as described by Weinstein and Ponseti [85] . A transverse incision was made parallel and 1 cm distal to the inguinal fold extending from a point just medial to the femoral neurovascular bundle to the medial border of the adductor longus muscle that was isolated and sectioned. The anterior branch of the obturator nerve was identified under the pectineus muscle that was retracted medially. The iliopsoas tendon was identified and sectioned just above the lesser trochanter and the medial circumflex artery and vein were ligated. The articular capsule then was opened along its longitudinal axis and a second perpendicular incision of the capsule was made parallel to the medial border of the acetabulum. The joint was inspected and all the obstacles to the concentric reduction of the femoral head (ligamentum teres, fibrofatty tissue of the pulvinar, transverse acetabular ligament) were removed. The neolimbus (inverted labrum) was never an obstacle to reduction but rather a posterior stabilizer of the femoral head after reduction.
Surgery was performed by one of the four authors; residents were part of the surgical team but they did not perform the medial open reduction independently.
The 87 patients (122 hips) who had medial open reduction were enrolled in our retrospective study. Twelve patients (16 hips) were lost to followup because they had moved elsewhere and it was not possible to contact them. We were able to locate 75 patients (106 hips), but only 57 (79 hips) agreed to return for clinical and radiographic followups. Eighteen patients (27 hips) contacted by telephone declined our invitation because they lived far from our hospital, but 10 of them (14 hips) agreed to send recent radiographs of their pelvis. Of the 57 patients (79 hips) who came to the hospital, five (eight hips) did not have initial radiographs in their records whereas 52 (71 hips) had a full set of radiographs taken according to our followup schedule and they were included in the statistical analysis of the study. The eight patients (14 hips) who had only telephone interview, the 10 patients who had telephone interview and who mailed recent radiographs, and the five patients who came to the hospital but had an incomplete set of radiographs were included in the final followup but were excluded from the statistical analysis of the study (Fig. 1 ).
The age of the patients at the time of diagnosis ranged from 3 to 36 months (mean age, 16 months). In all cases, medial open reduction was performed after the patient underwent 4 weeks of traction after diagnosis. Forty-two patients were girls and 10 were boys. Forty left hips and 31 right hips were dislocated. Twenty-five patients had bilateral DDH, but in six of the 25, one dislocated hip had successful closed reduction. We divided the 52 patients (71 hips) who underwent medial open reduction into three age groups to evaluate the influence of age at surgery on the development of the hip during growth and on the complication rate and long-term results.
All the patients underwent 4 weeks of traction before surgery. To obtain valid traction, a hip spica cast was applied to the contralateral hip. Two strings were sealed to the back of the plaster cast that was firmly anchored to the head of the bed [41] . Skin traction then was applied to the dislocated hip in approximately 20°flexion, 20°abduction, and 20°external rotation. Since 1989, owing to increased hospital costs, traction has been an outpatient procedure and it is maintained by the patient afterward at home. Before traction, the height of the dislocation was graded according to Gibson and Benson [27] (Table 1) .
After surgery, a bilateral hip spica cast was applied in 100°flexion, 60°abduction, and neutral rotation. Six weeks later, radiographs were taken and a second bilateral spica cast, in the same position, was applied for 6 more weeks; thereafter, an abduction brace was applied full time for an average of 4 months. The patient then was allowed to crawl and walk freely, keeping the brace on only at night for 2 more years. Two hips in two patients redislocated while the patients were wearing the plaster cast, and a second medial open reduction stabilized with a 1.8-mm thick K-wire crossing the joint was performed in each patient.
After cast removal, patients had clinical and radiographic examinations at regular intervals of 3, 6, 12, 18, and 24 months, then once a year until 7 years of age, and then once every 2 years until menarche in girls and puberty in boys. Families of six patients (nine hips) refused the last followup radiographs that should have been taken at puberty.
The senior author (EI) measured the following radiographic parameters once a week for 3 consecutive weeks using a computer metric program: the (1) acetabular index [43] ; (2) lateral instability index [68] ; (3) Wiberg angle [86] ; (4) anterior coverage of the femoral head [42] ; (5) Sharp angle [67] , and the (6) neck-shaft and femoral anteversion angles [75] . The intraobserver j-score was 0.881.
Avascular necrosis (AVN) of the proximal femoral epiphysis was classified according to the Bucholz and Ogden classification [13] modified by Morcuende et al. [50] .
Additional surgery was performed either in symptomatic cases or in cases in which the radiographic parameters were persistently altered, with risk of subluxation [81] .
At the last followup, clinical results were graded using the criteria of McKay modified by Barrett et al. [9] and radiographic results were classified according to Severin [66] . Fig. 1 The flow-diagram of the patients enrolled in the study is shown.
Statistical analysis was performed using SPSS Version 15.0 (SPSS Inc, Chicago, IL, USA). Descriptive statistics consisted of the mean ± SD for parameters with Gaussian distributions (after confirmation with the Kolmogorov-Smirnov test) or median and range (minimum-maximum) for non-Gaussian parameters. Comparison among groups of Gaussian parameters was performed with one-way plus multiple-comparison ANOVA using the Bonferroni and Kruskal-Wallis tests for non-Gaussian parameters. For numbers, frequencies (%), or categoric variables, comparisons among groups were performed with the chi-square test or Fisher's exact test (in a contingency table with cell frequencies less than 5). A p value less than 0.05 was considered statistically significant.
The length of followup ranged from 13 to 32 years, with an average of 22 years. At final followup, all patients were skeletally mature.
The study was approved by our institutional ethical board.
Results
At diagnosis, the acetabular index averaged 40°. It improved rapidly during the first year after open reduction and then slowly, reaching a standard value on average 4 years after open reduction (range, 1.6-6 years) ( Fig. 2) . Improvement in the acetabular index occurred more quickly in patients in Group 1 who were 3 to 12 months old than in the other two groups (Fig. 3 ). In 28 children with DDH who were 14 months and older, several small centers of ossification developed in the acetabular cartilage which became fully ossified by gradual coalescence of the ossification centers (Fig. 4) .
The lateral stability index of Smith et al. [68] always scored within normal limits (0.65-0.87), even when the acetabular index remained abnormal ( Fig. 4 ).
All the children had limited ROM of the hip after weaning from the brace, but all recovered a normal gait. No patient reported any limitations of activities of daily life and 35 patients had become involved in sport activities.
During the followup, 10 patients (11 hips) had additional surgery for a total of 13 procedures (15%): seven Tönnis periacetabular osteotomies [76] , five varus derotation femoral osteotomies, and one distal transfer of the greater trochanter. Before surgery, four patients were symptomatic. Three patients ranging in age from 14 to 15 years with acetabular insufficiency (Wiberg \ 20°) had a painful limp after prolonged walking or sporting activities. One 13-yearold patient was limping owing to 2.5-cm femoral shortening attributable to Grade III AVN. No statistically significant differences were found between age group and additional surgeries (p = 0.229). Three patients had a transient mild limp after the varus derotation femoral osteotomy. No patient required an arthroplasty at the time of the last followup ( Table 2) .
AVN Grades II to V developed in 13 hips (18.3%) (Figs. 3, 4) . AVN was significantly different among the three groups of patients (p = 0.002) and three levels of dislocation (p = 0.001) [27] . AVN developed in one of 22 hips without the ossification center of the femoral head and in 12 of 49 hips with the ossification center. One patient with Grade III AVN had 2 cm lower limb shortening and he started to limp when he was 10 years old (Table 3) .
At the last followup three patients with Grade II AVN who underwent varus derotation femoral osteotomy had a lower limb length discrepancy ranging from 1 cm to 2 cm; the discrepancy measured 2.5 cm in the patient with Grade III AVN. In patients with shortening of 2 to 2.5 cm, the limb length discrepancy was well compensated with an insole. No patient reported pain. All patients were fully satisfied with the surgical scar resulting from the medial approach, which in many cases was barely visible.
At clinical evaluation [9] , 44 hips (76%) had an excellent result, 24 (17%) had a good result, and three (7%) had a fair result (Table 4 ). There was a statistically significant difference between age group and clinical results (p = 0.0001). At radiographic evaluation, the Sharp angle was normal in all the hips, with a mean measure of 40°( range, 38°-43°); 39 hips (63%) were ranked as Severin Class I and 64% of them were in patients in age Group 1 including the youngest patient at surgery; 27 hips (30%) were ranked as Severin Class II whereas five (7%) were Class III. Three of the six patients who missed the scheduled radiographic followup had their hips ranked as Severin Class III at the last followup (Table 4 ). There was a statistically significant difference between age group and radiographic results (p = 0.0001). At the last followup, 20 of 34 hips reduced in patients after 16 months of age (88.2%) showed minor radiographic abnormalities of the femoral head consisting of asymmetry and size and shape alteration. In the same cases, moderate deformity of the ossific nucleus of the femoral head was present before open reduction. Of the 23 patients included in the followup but excluded from the statistics of the study, 18 patients who had a telephone interview affirmed they were doing well without pain or restrictions of physical activity. Ten also mailed recent radiographs of their hips: six hips were ranked Severin Class I, seven were Class II, and one was Class III. The five patients (eight hips) who came to the hospital whose initial radiographs were missing from their records also were asymptomatic and at clinical evaluation, three hips had an excellent result; three had a good result, and two had a fair result. Three hips were ranked Severin Class I, three were Class II, and two were Class III.
Discussion
This retrospective study shows our 20-year-experience with open medial reduction of complete DDH in patients ranging from 3 to 36 months old. Although medial versus anterior open reduction is debated with complete dislocations [11, 16, 21, 40, 46, 49, 50, 52, 53, 64, 77, 84, 85, 88] , open medial reduction after preliminary traction gave us good results. All hips in our patients remained stable after completion of treatment and the acetabular index normalized in all of them. The prevalence of AVN and additional surgery was reasonably low, and the majority of the hips had a high radiographic Severin class at the end of growth.
Our study has several limitations. First, as in all retrospective studies, there is partial patient selection bias. We have statistically evaluated only 61% of the original cohort No significant difference between age groups and additional surgery (p = 0.229); 13 procedures in 11 hips (10 patients). In Cases 4 and 8, varus derotation femoral osteotomy and Tönnis periacetabular osteotomy were performed during the same operative session; *same patient had bilateral procedures. of patients. However, the overall number of patients who had followups with satisfactory long-term results is 87% of the original cohort if we include patients who had either telephone interview or partial clinical and radiographic evaluations, although not fulfilling all the criteria to be included in the statistics of the study. The second limitation is an assessment bias because only the senior author (EI) made the radiographic measurements. However, his intraobserver j score was 0.881 which makes his assessment error acceptable. The third limitation is the lack of a control series. However, none of the previously reported long-term followup series after medial open reduction has a control series [33, 39, 50, 78] . The fourth limitation is the lack of homogeneity between the three age groups, with the third group including almost 30% less cases than the other two. However, a similar discrepancy was present in other series of patients with DDH treated by medial open reduction in which the number of children older than 24 months was relatively low [33, 39, 50, 78] . All the hips with DDH in our series were not reducible in flexion and abduction at the time of diagnosis, even in children 3 to 10 months old. For this reason, a more conservative treatment, such as the Pavlik harness or other braces, was not used [15, 29] .
In our institution, traction has been part of DDH treatment since the early 1960s. Since then, we have continued to use preliminary traction to decrease the risk of complications in case of closed reduction, as reported by others [24, 51, 57] . The effect of preoperative traction has been questioned for surgical treatment of DDH since all the anatomic obstacles to hip reduction are surgically eliminated [35, 59, 64, 82] . Although the percentage of our excellent and good long-term radiographic results, according to the Severin classification, is higher than in other series in which traction was not used [18, 30, 33, 39, 50, 71, [78] [79] [80] , it is difficult to determine whether preoperative traction served to decrease the complication rate. Inpatient traction is costly [35, 59, 82] ; however, more than 1/2 of our patients successfully completed home traction before surgery. The hip spica cast was firmly anchored to the bed ensuring the child's compliance with the traction. The patient's compliance and the amount of traction were supervised twice a week at home by one of our residents.
Early hip subluxation after open reduction and/or redislocation while wearing the plaster cast has been reported in a range of 0% to 11% with a mean of 2.4% for anterior and medial open reductions [7, 10, 11, 16, 18, 20, 21, 23, 31, 37, 40, 46, 50, 52, 69, 70, [77] [78] [79] 88] . Our patients had a redislocation rate of 2.8%. Since then, hips that were not fully stable at surgery at 100°flexion, 60°abduction, and neutral rotation had K-wire fixation [3] to prevent redislocation.
Additional surgery after open reduction is important, and it is related to hip development after open reduction [2] . Its prevalence in patients with DDH who had open reduction by either the anterior or medial approach ranges from 0% to 100% [1, 4, 6, 7, 10, 11, 16, 18, 20, 21, 23, 25, 30, 31, 33, 36, 37, 39, 46-50, 52-54, 58, 60, 69, 71, 73, 77-80, 88] , and its prevalence in our series was 15%. We believe that a high acetabular index during the years after open reduction is not an indication for a mandatory acetabular procedure like a Pemberton acetabuloplasty or Salter osteotomy if the hip is stable. All our patients' hips showed stable concentric reduction clinically and radiographically, according to the lateral instability index of Smith et al. [68] . Cartilaginous and labral coverage, as evaluated by MRI, may be normal even in cases with delayed acetabular cartilage ossification [34] . The acetabular index improved slowly, especially in our older patients, and took several years to become normal in many children Clinical results, p = 0.0001; radiographic, p = 0.0001; *evaluated using McKay scale modified by Barrett et al. [9] , and Severin radiographic class [66] .
Volume 473, Number 8, August 2015 who underwent surgery after 14 months old, as reported by others [1, 32, 38, 43] . Moreover, acetabular procedures performed early do not fully guarantee the persistence of normal acetabular coverage to the end of growth, as shown in a long-term followup study by Thomas et al. [74] , in which 15% of the hips were scored Severin Class III and 2% were Class IV despite the Salter procedure being performed after open reduction. We performed the Tönnis osteotomy on patients ranging from 10 to 15 years old whose hips had an abnormal Wiberg angle. In some of the cases, acetabular coverage was normal before puberty, and we might speculate that acetabular depth failed to increase in proportion to femoral head enlargement owing to the lack of development of the secondary centers of ossification of the acetabulum at puberty [56, 81] . We believe patients with dislocated hips should be followed up radiographically after open reduction until puberty to avoid missing late acetabular insufficiency. In our series, the incidence of AVN was 18%. Numerous authors have reported an incidence of AVN in patients who had open reduction either by the medial or anterior approach [10, 21, 31, 37, 60, 77, 88] that was lower than the incidence in our series. However, the followups were too short in those series to include all possible cases of AVN since many, especially type 2, may show up when the patient is 9 to 10 years or older [13, 39, 50, 69, 81] . In some studies, the AVN rate was high when the ossific nucleus of the femoral head was absent [17, 65] . In our study and others [44, 62] , an opposite correlation was found (p = 0.002).
The proper approach (anterior versus medial) for open reduction of complete DDH continues to be debated. Many authors recommend the medial approach as a procedure that can be performed safely in children younger than 18 to 24 months [24, 27, 28, 30, 32, 34, 35, 37, 41, 43, 44, 84] . We agree with those authors because in patients younger than 24 months, AVN and additional surgery have been reported in patients treated by anterior open reduction at a similar or higher rate than patients treated by medial open reduction [12] . In a recent prospective study of two cohorts of patients with an upper age limit of 24 months [72] , one cohort had the medial approach and the other had the anterior approach, and the AVN rate was significantly lower in the medial approach cohort at an average followup of 7 years (12% versus 18%). In our series, the prevalence of AVN in patients younger than 24 months was 9.4%, although in a recent meta-analysis of open reduction by the medial approach, the average prevalence of AVN was 20% [26] . Anterior open reduction has been recommended in children with complete hip dislocation who are older than 24 months [84] . This same recommendation was made by many authors who advocated medial open reduction in children younger than 24 months [11, 16, 21, 40, 46, 49, 50, 52, 53, 77, 85, 88] . Although we were aware of this general trend in favor of anterior open reduction that provides capsulorrhaphy and avoids medial circumflex vessels, the good preliminary results we obtained in children older than 24 months encouraged us to increase the upper age limit for medial open reduction to 36 months. Moreover, according to the literature, even open reduction by the anterior approach may provide unsatisfactory results in children older than 24 months [17, 18, 25, 30, 33, 47, 58, 73, 79, 80] . Schoenecker and Strecker [64] reported two series of patients older than 24 months who had open reduction by the anterior approach. One series of patients had preliminary traction while the others underwent femoral shortening osteotomy. In the first series, AVN developed in 53.8% of the patients, whereas it was absent in the second series, although in the latter, three of four hips in patients 38 to 40 months old ultimately were ranked as Severin Class III or IV. Galpin et al. [25] reported 14 hips in patients with similar ages who had open reduction by the anterior approach with femoral shortening osteotomy. The AVN rate was only 10%, but 42.8% of the hips were ranked as Severin Class III. The conclusions that may be drawn from the studies by Schoenecker and Strecker [64] and Galpin et al. [25] are that (1) in children older than 24 months, the anterior approach reduces the AVN rate only if it is associated with femoral shortening osteotomy; and (2) in children older than 24 months, the anterior approach does not prevent unsatisfactory final results according to the Severin classification. We observed a 40% rate of AVN in children 25 to 36 months old but the final radiographic results, according to the Severin classification, were good in 80% of cases. However, patients with sequelae of AVN do not show early significant physical disability, although their good function tends to decline with age [61, 81] .
According to Schoenecker and Strecker [64] and Galpin et al. [25] , we might perform an associated femoral shortening osteotomy with medial open reduction to further reduce the rate of AVN in patients 25 to 36 months old.
Long-term followup studies at skeletal maturity are rare in DDH series where patients underwent open reduction either by the anterior [5, 18, 30, 33, 39, 50, 71] or medial approach [78] [79] [80] . The Severin classification has been used to evaluate final radiographic results owing to its reliability [14] . In anterior approach series, the average prevalence of AVN is 24% (range, 7.6%-47%); the average prevalence of additional surgery is 68.9% (range, 22.4%-100%), while the average prevalence of excellent and good radiographic results according to the Severin classification is 73.8% (range, 33%-96%). In medial approach series, the average prevalence of AVN is 28.7% (range, 9%-43%); the average prevalence of additional surgery is 35.5% (range, 17.2%-50%), while the average prevalence of excellent and good radiographic results according to the Severin classification is 62.9% (range, 45.7%-79%). In our series, the AVN rate was 8%, additional surgery was 15%, and excellent and good results were 93% according to the Severin classification. We believe the anterior and medial approaches are comparable; in long-term followups, the rate of AVN is lower in patients who had the anterior approach, mainly with femoral shortening osteotomy, whereas the number of additional surgeries is much lower in patients who had the medial approach. At the last radiographic followup, minor deformities of the femoral head were observed in 88.2% of the hips in patients who had open reduction after 16 months of age [53] . We might speculate that mild deformity of the femoral head may be caused by minor degrees of AVN not described in any of the current AVN classifications [50, 63] . We also might speculate that overpressure to the epiphyseal cartilage, exerted by the acetabulum or pelvis owing to the position of the dislocated hip, may cause damage to the femoral epiphysis mainly in older dislocations before any treatment is provided [83] .
We report satisfactory long-term results at an average followup of 22 years in a cohort of patients ranging from 3 to 36 months old who had complete DDH reduced by a medial approach. On the basis of the results obtained in our fully grown patients, we believe that open reduction of DDH through a medial approach after preliminary traction can be considered a safe surgical procedure in patients up to the age of 36 months.
